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ABSTRACT 
HM2 represents an intermediate, experimental stage of a model t h a t  i s  
being developed with the double purpose of being used a s  an 
independent s ing le  species model f o r  the Norwegian Spring Spawning 
Herring and of being integrated i n t o  the Multispecies Model f o r  the 
Barents sea  (MULTSPEC). The paper describes i ts  development h i s to ry ,  
and the  presently used algorithms f o r  maturation, recruitment, and 
growth a re  described and discussed, a s  well a s  i ts  input and output 
options. A b r ie f  out l ine  is given of the plans f o r  fu r ther  develop- 
ment of the  model. 
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INTRODUCTION 
The he r r ing  model HM2 has p a r t  of i ts  o r i g i n  i n  a FORTRAN programme 
wr i t t en  i n  1972 by Car l  Chr is t ian  Hauge of the  Chr is t ian  Michelsens 
I n s t i t u t e ,  Bergen, under guidance from Johannes Hamre  of t h e  
I n s t i t u t e  of  Marine Research, Bergen, i n  order  t o  s imulate 
population dynamics i n  an exploi ted  stock (Hauge, 1972). The programme 
was l a t e r  modified by Knut Hestenes of the  I n s t i t u t e  of Marine 
Research and Johannes Hamre , i n  order  t o  s imulate t h e  Norwegian 
Spring Spawning Herring Stock. That programme was c a l l e d  PN157H, and 
introduced algorithms f o r  dens i ty  dependent growth and recruitment 
t h a t  a r e  a l s 0  included i n  HM2. 
The concept i n  the  two programmes has a l co  been used a s  t h e  b io log ica l  
p a r t  of of a bioeconomical ana lys i s  of the  Norwegian Spring Spawning 
Herring, c a r r i e d  ou t  by Sigfus Kristmannsson of the  I n s t i t u t e  of 
Fishery Technology Research i n  Troms@ , Norway, with a s s i s t ance  from 
Johannes Hamre. 
HM2 is wr i t t en  i n  Pascal  and does bas ica l ly  the  same job a s  PN157H. 
although the  use r  i n t e r f a c e  i s  more f l ex ib le .  Given the  same s t a r t -  
parameters, t h e  two programmes w i l l  g ive the  same r e s u l t s .  
The purpose of wr i t ing  HM2 was t o  g e t  a w e l l  documented b a s i s  f o r  
the  f u r t h e r  development of a s i n g l e  species  he r r ing  model t h a t  both 
could function w e l l  on i ts  own and could be e a s i l y  in teg ra ted  i n t o  
the  Multispecies Model f o r  the  Barents Sea (Tjelmeland and Bogstad, 
1989). The f i r s t  s t e p  i n  t h i s  process was a model named HM1, which 
is  documented i n  a Work Note (Dommasnes, 1986). HM2 represents  a 
f u r t h e r  development of HM1. 
A t  i t s  present  s t a g e  of development, HM2 w i l l  be use fu l  f o r  
s imulat ing the  r eac t ions  of the  Norwegian Spring Spawning Herring 
stock t o  d i f f e r e n t  f i s h i n g  pa t t e rns .  It w i l l  a l s 0  be used t o  t r y  ou t  
various algorithms f o r  growth, maturation, and recruitment. 
The programme HM2 and i t s  documentation (Dommasnes, A. 1988) has been 
made ava i l ab le  t o  s c i e n t i s t s  a t  the  I n s t i t u t e  of Marine Research, i n  
order  t o  allow them t o  test i t  out  and inf luence  i t s  f u r t h e r  
development. 
Because one of the  aims i n  wr i t ing  HM2 is t o  develop a programme t h a t  
can be in teg ra ted  i n  MULTSPEC, i t  has an i n t e r n a l  s t r u c t u r e  which is 
s imi la r  t o  t h a t  used by the  capel in  p a r t  of MULTSPEC. This makes HM2 
considerably l a r g e r  and more e labora te  - and slower - than is  r e a l l y  
necessary t o  produce the  output  given by t h i s  version.  
l I ALGORITHMS l 
HM2 i s ,  b a s i c a l l y ,  a Beverton and Holt model (Beverton and Holt ,  
1957) which s t a r t s  i n  January with numbers f o r  each yea rc lass  
supplied by the  u s e r ,  and updates the  numbers one month a t  a time, 
using information about mor ta l i ty  which is  als0 supplied by t h e  
user .  
Growth 
Growth i n  length  is  determined by dens i ty  alone. This is done by 
r e f e r r i n g  t o  two s tock s i t u a t i o n s  - Stock s i t u a t i o n  1 and Stock 
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s i t u a t i o n  2 ,  each charac ter ized  by mean length i n  each age group and 
t o t a l  s tock biomass. When the  programme s t a r t s ,  Stock s i t u a t i o n  1 i s  
represented by the  year  l950 when the  t o t a l  s tock was 15 mil l ion  
tonnes, and Stock s i t u a t i o n  2 by the  year  1970 when the  t o t a l  s tock 
was 1 mil l ion  tonnes. The programme w i l l ,  however, replace  one of 
these  years  with the  year  the  program s t a r t s .  Which year  is  
replaced,  depends on whether the  stock biomass i n  the  s t a r t  year  i s  
c l o s e s t  t o  l950 o r  1970. Using an i t e r a t i o n  procedure, a set of mean 
lengths  on 1 January f o r  the  current  year i s  ca lcula ted  t h a t  depends 
on the  s i z e  of the  stock a t  t h a t  time. Growth i n  the  cu r ren t  year  
f o r  each age is  the  d i f ference  between the  mean length  f o r  t h a t  age 
and the  mean length  f o r  the  next age. The growth period i s  Ju ly  - 
October f o r  O-group he r r ing  and June - October f o r  o lde r  herr ing .  
Maturation and spawning s tock 
Maturation i s  dependent on length alone,  and i s  determined i n  
January. A sigmoid function determines the  proport ion of  each length 
group t h a t  matures. The function present ly  used is:  
MATNUM = NUM / ( 1 + exp( (LM5O-ML) * LN(BASE) ) ) 
MATNUM i s  the  number of maturing he r r ing  i n  the  length  group. 
NUM i s  the  t o t a l  number of herr ing  i n  the  length  group. 
ML i s  the  mean length i n  the  length  group. 
BASE i s  the  base i n  the  logari thmic expression. 
LM5O is  the  length where 50% of the  he r r ing  is  maturing. 
I n  the  present  model BASE=9.0 and LM50=31.2. This g ives  a maturation 
curve a s  shown i n  Fig. 1. 
L e n g t h  g r o u p s  
Figure 1. Maturation according t o  the  algorithms used i n  model HM2 
(Base=9.0, LM50=31.2). 
Recruitment 
Spawning takes place i n  March. The r e s u l t i n g  number of  l a rvae  i s  
ca lcu la ted  from the  biomass of the  spawning s tock i n  January. 
The l a rvae  a r e  assumed t o  join the  main s tock i n  June. Between March 
and June no morta l i ty  is applied t o  the  l a rvae ,  meaning t h a t  e a r l i e r  
mor ta l i ty  i s  taken ca re  of by the  recruitment function.  
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Two bas ic  recruitment functions a r e  ava i l ab le  t o  c a l c u l a t e  the  
number of l a rvae  t h a t  r e s u l t s  from a given parent  s tock.  They can be 
described i n  the  following way: 
Function 1: 
RECRUITS = 31.0 * (1 - exp(exp(-1.75) - exp(O.5*(PARSTOCK-3.5)))) 
PARSTOCK i s  t h e  spawning s tock biomass i n  mi l l ion  tonnes, and 
RECRUITS is the  number of r e c r u i t s ,  with the  dimension 10Eg. 
Function 2 is  more complicated, and i n t e r n a l l y  i n  the  programme it 
cons i s t s  of two functions:  
Function 2A: 
RECRUITS = PARSTOCK / (O.O~*PARSTOCK+O.O~) 
Function 2B: 
RECRUITS = 10"PARSTOCK 
The curves f o r  the  d i f f e r e n t  recruitment functions a r e  shown i n  
Fig. 2. 
I 
Spawning s t o c k  in million t o n n e s  
Figure 2. Recruitment according t o  the  algotithms used i n  model HM2 
without " s tochas t i c  recruitment". 
Function 1 represents  a curve t h a t  increases  asymptotical ly towards 
31.0"lOEg r e c r u i t s .  
Function 2A represents  a curve t h a t  increases  more slowly than 
Function 1, asymptotical ly,  towards a value of 2O*lOEg r e c r u i t s .  
Function 2B represents  a d i r e c t  l i n e a r  r e l a t ionsh ip  between parent  
s tock biomass and number of r e c r u i t s .  
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I f  "Function 2" has been se lec ted ,  then Function 2 A  and Function 2B 
a r e  used i n  the  following way: 
I f  the  recruitment is not  s t o c h a s t i c  
and the  year=lggl  o r  1999 o r  . . . . ( p  e r iod  of 8 years)  
then use function 2 B  e l s e  use function 2 A  
The years  1991, 1999, ..... represent  "boon years" with very good 
recrui tment a s  described by Function 2B. I n  between, the re  a r e  
periods of  r a t h e r  poor recrui tment,  a s  described by Function 2A. 
I n  addi t ion  t o  the  choice of recruitment functions,  the  use r  can 
s e l e c t  " s tochas t i c  recruitment", which means t h a t  the  number of 
l a rvae  ca lcula ted  is  mul t ip l ied  by a "success-factor" i n  order  t o  
s imulate the  highly va r i ab le  r e l a t ionsh ip  t h a t  is  observed i n  na ture  
between parent  s tocks  and number of r e c r u i t s .  The success-factor  is 
randomly se lec ted  from a t a b l e  of 28 poss ib le  numbers a s  given i n  
Table 1 ,  and represents  the  r a t i o  between the  observed and the  
predic ted  number of la rvae  i n  t h e  periods 1950 - 69 and 1973 - 80. 
The d a t a  a r e  p a r t l y  based on Dragesund, Hamre and Ull tang (1980),  
but  a l s 0  unpublished information has been used. 
Function 2 A  is  never used i f  s tochas t i c  recrui tment has been 
se lec ted  . 
INPUT 
The use r  can s e l e c t  a set of parameters through a system of menus. 
The parameters can be s to red  f o r  l a t e r  use. When the  programme is 
s t a r t e d  the  user  must e i t h e r  g ive  a f i l e  name from which t o  read 
s t a r t  d a t a ,  o r  l e t  the  programme generate a f ixed set of s t a r t  da ta .  
When the  use r  has f in i shed  en te r ing  d a t a ,  the  programme writes a 
r epor t  of the  s t a r t  d a t a  t o  a f i l e .  
The following parameters can be changed by the  user:  
condit ion f a c t o r s  ( length  dependent) 
n a t u r a l  mor ta l i ty  
f i s h i n g  morta l i ty /ca tch  per  year  
d i s t r i b u t i o n  of ca tch  on months through the  year  
recrui tment  t o  f i she ry  ( length  dependent) 
numbers and mean lengths  i n  each age group 
( a t  the  s t a r t  of the  program) 
recrui tment function (choice of two) 
s t o c h a s t i c  recrui tment (yes o r  no) 
choice of two output r epor t s  (comprehensive o r  condensed) 
number of  years  t o  run the  model 
number of times t o  run the  model 
( i f  s t o c h a s t i c  recruitment has been se lec ted)  
f i l e  names 
( f o r  s t a r t d a t a ,  r epor t  on s tar tparameters ,  and r e s u l t s )  
120 METHODOLOGY AND MODELS 
HM2_(Herring_mode12 ), A s i n g l e s ~ e c i e s ~ . ,  I 
I 
, 
OUTPUT 
l 
Two types of output r epor t s  a r e  possible:  one r a t h e r  comprehensive I  
r epor t  and one condensed version.  
The comprehensive repor t  gives the  following information: ! 
1 
mean lengths  and numbers f o r  each age group f o r  each month 
biomass f o r  the  t o t a l  s tock and the  spawning s tock f o r  each month 
catch i n  numbers of each age group f o r  each month 
weight of t o t a l  catch i n  each month 
mean weight of the  herr ing  caught each month 
f i s h i n g  morta l i ty  each month f o r  the  he r r ing  t h a t  is  f u l l y  
r e c r u i  ted  
The condensed repor t  is  intended f o r  use when the  programme is 
repeated many times t o  see the  poss ib le  e f f e c t  of s t o c h a s t i c  
recrui tment ,  and g ives  the  following information: 
success-factor ,  spawning s tock,  and catch f o r  each run 
mean and standard devia t ion  of the  same parameters 
f o r  a l l  the  runs 
An example of the  kind of t ab les  given i n  the  comprehensive repor t  
and the  condensed repor t  i s  given i n  Tables 2 and 3, respect ive ly .  
DISCUSSION 
The algorithm used f o r  density-dependent growth is  r a t h e r  pr imi t ive ,  
and i t  only takes i n t o  account the  biomass of  the  s tock i n  the  t o t a l  
a r e a  of d i s t r i b u t i o n .  Factors  l i k e  geographical d i s t r i b u t i o n ,  
temperature, and a v a i l a b i l i t y  of food i n  the  present  year  and 
previous years  a r e  not  taken i n t o  account. These f a c t o r s  may be a s  
important a s  the  t o t a l  s tock biomass, o r  even more important.  I n  
p a r t i c u l a r ,  l o c a l  va r i a t ions  i n  dens i ty ,  temperature, and avai la-  
b i l i t y  of food may lead  t o  q u i t e  d i f f e r e n t  growth p a t t e r n s  f o r  
d i f f e r e n t  components of the  stock.  I n  order  t o  make t h e  model more 
r e a l i s t i c ,  a new growth algorithm must be developed t h a t  takes i n t o  
account the  e f f e c t s  of temperature and food a v a i l a b i l i t y  a s  w e l l  a s  
dens i ty  - o r  allows the  user  t o  compensate f o r  these  e f f e c t s  i n  the  
input  menus. New versions of the  program, which allow f o r  the  d iv i -  
s ion  of the  stock i n t o  d i f f e r e n t  a reas ,  can make the  simulat ion more 
r e a l i s t i c .  
I n  the  present  version of the  model maturation, weight, and r e c r u i t -  
ment t o  the  f i she ry  a r e  a l l  length  dependent. Thus, too high mean 
lengths w i l l  g ive  too e a r l y  maturation, too high spawning stock and 
too high t o t a l  biomass, and the  yearclasses w i l l  e n t e r  t h e  f i she ry  
a t  a too e a r l y  age. Too low mean lengths w i l l  have the  opposi te  
e f f e c t .  A good algorithm f o r  growth is therefore  e s s e n t i a l  f o r  good 
simulation. I n  addi t ion ,  a number of o the r  weaknesses i n  the  model 
may be masked by a poor growth algorithm. 
The algorithm f o r  maturation is of the  same kind a s  t h e  one used by 
MULTSPEC f o r  capel in  (Tjelmeland and Bogstad, 1989). The constants  
i n  the  algorithm may need adjustment, but  t h i s  can bes t  be done when a 
b e t t e r  growth algorithm has been worked out .  
l 
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I The algorithms used f o r  recruitment a r e  not  w e l l  documented a t  
l 
l p resent .  I n  add i t ion ,  the  optional  "s tochas t ic"  recruitment is 
I h ighly specula t ive .  It is necessary t o  go c a r e f u l l y  through the  
1 h i s t o r i c a l  mater ia l  t h a t  is  avai lable  i n  order  t o  s u b s t a n t i a t e  the  
l r e l a t ionsh ips  t h a t  a r e  expressed i n  the  model - o r  ad jus t  the  
\ recruitment algorithms. 
Experience with the  model shows t h a t  i t  is  necessary t o  be able  t o  
a d j u s t  the  model t o  known s t a r t  s i t u a t i o n s ,  and i t  may be necessary 
t o  add menus t h a t  allow the  user  t o  cont ro l  growth, maturation, and 
recrui tment.  
A new version of t h i s  model i s  under development. It w i l l  run under 
the  UNIX opera t ing  system, and w i l l  include the  d iv i s ion  of the  
s tock i n t o  a number of a reas ,  and migration between the  areas.  
Natural mor ta l i ty  w i l l  be made length dependent, and i t  w i l l  be 
poss ib le  t o  use a d i f f e r e n t  f i s h i n g  morta l i ty  f o r  each year. An 
e f f o r t  w i l l  be made t o  improve algorithms f o r  growth, maturi ty,  and 
recruitment - possibly by using more t r a d i t i o n a l  and straightforward 
so lu t ions  than those i n  the  present  model. 
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Table 1. Spawning stock, observed number of r ec ru i t s ,  predicted 
number of r ec ru i t s ,  and r a t i o  between observed and predicted number 
of r ec ru i t s ,  using recruitment functions 1 and 2 (Predicted 1 and 
Success l ,  Predicted 2 and Success 2,  respectively) f o r  28 years i n  
the  period 1950-1980. Note t ha t  the program has been i n  mode 
STOCHASTIC during the calculation,  so t ha t  fo r  recruitment function 
2 only FUNC2A has been used. 
Recruitment function 1: R = 31.0 * ( 1 - exp( exp( -1.75) - exp( 0.5 * ( ( P/1000 ) -3.5 ) ) 
Recruitment function 2: R = P / ( O.O5*P + 90 ) 
R = nurnber of O-group * 10E-9 in June 
P = spawning stock in thousand tonnes 
Spawning stock in thousand tonnes 
Number of larvae actually observed * 10E-9 
Number of larvae predicted by recruitment function * 10E-9 
Success of spawning (observed number/predicted number) 
................................................................................................... 
................................................................................................... 
Year : l950 1951 l952 1953 1954 l955 1956 l957 l958 l959 1960 1961 1962 1963 
................................................................................................... 
S.stock: 9400 9100 8800 7100 7600 8800 8900 l0000 8500 7500 500 4100 3300 2 O0 
Observed: 97.4 26.1 27.9 21.0 16.9 9.2 11.1 9.7 13.7 75.0 2 18 .2 22.3 
Predictedl: 31.0 31.0 31.0 30.9 31.0 31.0 31.0 31.0 31.0 31.0 2812 2113 11.1 10.9 
Predicted 2: 16.8 16. 16.6 16.0 16.2 16.6 16.6 16.9 16. 16.1 15.1 13.9 12 11.6 
Success 1: 3.1 0.8 0.9 O 0.2 2.4 1.7 0.9 O:! 2.4 
Success 2: 5.8 1.6 1.7 1:: 11% ::i? g:: 012 0.8 4.6 3.2 1 .  0.6 2.3 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -====== 
............................................................................................. 
Year: 1964 1965 1966 1967 1968 1969 1973 1974 1975 1976 1977 1978 1979 1980 
................................................................................................... 
S. stock: 
Observed: 
Predicted 1: 
Predicted 2: 
Success 1: 
Success 2: 
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Table 2. Example of a comprehensive report from HM2. 
RESULTS i - - - - - - - - - - - - - - 
Year 1988 
l 
l 
1 Mean lengths for age groups i - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -=====  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Age Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec I i ___________________------------------------------------------------------------------------------------- o I 1 
l 
l  i 
I 
l 
l 2 i l i 
l 9 1 0  
I 11 12 
/ : 2
l 
I 15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/ 
124 METHODOLOGY AND MODELS 
M2 (Herring mQdel 2 ) . A  s i n g l e  species  ... 
Table 3. Example of a condensed repor t  from HM2. 
Success = observed/predicted number of larvae 
Catch = catch during the year in thousand tonnes 
Sstock = spawning stock in March in thousand tonnes 
Tstock = total stock in December in thousand tonnes 
SumCT = catch during the year + total stock in December 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Run i988 1989 l990 Catch Tstock SumCT 
no. Success Catch Sstock Success Catch Sstock Success Catch Sstock 1988-90 1990 l990 
- - " 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean : 1 . 3  843 2876 60a 204; i448 St.dev.: 1 .5  O O 1 .5  3 4:? O 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Concentrate of data. for all years and all runs 
Success = observed/predicted number of larvae 
Catch = catch during the year in thousand tonnes 
Sstock = spawning stock in March in thousand tonnes 
Tstock = total stock in December in thousand tonnes 
SumCT = catch during the year + total stock in December 
Means = means over years and runs 
St.dev. = standard deviations over years and runs 
___________________--------------------------------------  
Succes~ Catch Sstock Tstock SumCT 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean : 4104 
St.dev. : 1 . 3  '821 2%: 2681 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
